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*ye  initially,  after  vowels,  and  after  t,  b;  e elsewhere. 
When  written  as  e in  Russian,  transliterate  as  ye  or  e. 
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MOVEKENT  OF  A SOLID  PROFILE  NEAP  A SOLID  SCUNCAFY 


Studios  or.  aoco  ly  a^mic  Louios  movinij  near  a solid  oc  fluid 
boundary  becdtno  vocy  laportant  dt»oi  tFe  l**ve lof.aetit  of  aircraft 
which  use  the  scrH»rn  ♦‘ff«c»  - aii  cushion  aircraft,  winq  and  qround 
effect  vehicles,  f*»c.  This  atva  r»t  iich  is  also  of  interest  for' 

creatin'!  vertical  r ine-off  atiu  Imdin)  [VTOL]  aircraft  and  low-winq 
aircraft,  as  veil  as  for  solving  ^lobloas  of  chanqes  in  stability 
dutinq  movement  neai  the  qrourd. 

The  aerodynamic  ch.ii  actei  istics  of  an  isolated  winq  with  an 
infinite  span  movinq  near  a solid  boundary  are  determined  in  this 
report.  Several  analogous  prof lems  werf  considered  in  reports  by  N. 
V.  Keldysh,  Ye.  Karafol',  N.  F.  Sakharnyy,  A.  N.  Panchenkov,  etc. 

Me  will  consider  steady  flow  about  an  arbitrary  contour  located 
near  a solid  rectilinear  boundary. 

Far  in  front  of  the  contour,  the  flow  rate  is  parallel  to  the 
solid  wall,  constant,  and  equal  to  Vq. 
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The  ptoblem  is  solved  with  the  assumptions  that  the  fluid  is 
perfect  and  incompressible. 

The  motion  is  potential  and  steady; 

V<P“0- 

The  continuity  equation 

div  u =>  0 

results  in  the  Laplace  equation  tor  potential  ♦ 

= 0 

with  the  boundary  conditions  of  the  continuous  flow  about  contour  C 

•e-V 

T, -t>,cos(rt,x)  (162) 

and  the  absence  ot  overflow  to  the  solid  wall 

- 0.  (I.M) 

Figure  2 shows  a diagram  ot  the  problem  and  the  coordinate 
system. 
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<t>^{x)  and  are  the  limiting  values  of  the  function  in 

question  O (z)  when  approaching  projection  L of  the  contour  on  the 
•*-a*is  from  above  ami  below,  respectively.  Then  the  boundary 
conditions  on  projection  L 

Re  a)_  (X)  = — vj\  (X)  = f , (X). 

Re  (X)  = — vjj  (X)  = Fj  (X). 


Using  the  transformations 


we  will  have 


Re<l)_(x)-|  Red)^(x). 

ReG>_  (X)  — Re  (x). 

ReUi_(x)  + Re«P_^(x) 

Re  fP_  (X)  - Re  (x)  = f ,(x)-  Ft  (x)  | 


(166) 


We  will  find  function  0(2)  as  fellows 


AGE  6 


**’(*)  - J |y U)  — - + 5)  I 4- K/Ct)  4 K,U.s)j  ds. 


where  Ki(z,  s)  and  K2(z,  s)  are  the  analytical  functions  on 


Proceed iny  to  dimensionless  values  and  omitting  the 
nondimensionality  index,  we  will  write  the  limiting  values  of 
integral  (1.67)  when  apj^roaching  segment  L trcm  above  and  below. 


respectively,  as  follows 
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W = ylYW4-(7WI  + 


^ — + ^1  {x,s)  + ig{s) 


X — s 


+ A-.U 


.s)  Ijrfs. 


<I’_W=  -ylYW  ^«9WI  (- 


+ 


+ » 

i 


Y(s) 


x—X  ATii^.s) 


4 1(7  (s) 


1 


X — s 


: + A,(x.s) 


11^,. 


Diiing  tho  limitinj  values  of  function  tin?).  obtained  in 
expressions  (l.ho)  , «>.'  will  obtain  the  integral  equation  of  the 
problem  for  finding  the  intensity  of  the  vortex  layer  y (s)  and  the 

expression  for  finding  the  normal  velocity  disccntinuity  which 
simulates  the  solidity  of  the  profile: 
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where 


^flvw'  ' 


X — s 


Re  Ki  {X.  5)  j - (s)  Im  A’,  (x,  s)  j ds  = (x). 

(I  68) 

q(x)^  Fi{x)~F^{x), 
r 

I (.p  ^ ^ 

A,  (X)  - F^(x)  = r^(x)  - r (A). 


We  will  represent  the  integral  oguaticn  oLtained  in  a form  more 
convenient  for  solution: 


where 


2n  j [ jK  _ s 

+ 1 

*')  * 


= /"cpW  + w. 
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Funct  iortis  Ki  and  K?  are  dctei  mined  witn  condition  (1.64)  and  are 
represented  as  follows 


Ki(x,s)  = — 


(jt  — s)  — (4/i 

K*  = -K,. 


(1-70) 


We  will  find  the  solution  to  t),e  inteqral  equation  for  >■  ( s)  as 
follows 

Y(5)  = y,  (s)  f Yj(v). 

whore  7,  Corresponds  to  the  solution  to  the  equation  at  Fr(x)  *=  0, 
and  y g corresponds  to  tne  solution  of  the  equation  at  7^cp(u^)  = 0.  ' Ii 

this  case,  the  eolation  for  the  problem  is  bronen  down  into  two 
independent  integral  equations: 
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where 


H-  Re/Ci(x,  s) 


ds=  N 


(/=1,2).  {1.7U 


= ^cpW, 

Nt=^Fj;(x). 


We  will  tind  the  solution  to  Y,(s)  in  the  form  of  series  by 

a certain  small  parameter  limited  by  t^: 


Y,(')  = Yo,  t -f  Y„T* -t- . . . . 

YjiM  = Y.jT  I Yh^’  t Y,„T»  f Y4,t’  -f  . . . . (1.72) 


In  this  case,  we  use  the  r-parameter 


T = 1^4;i'+  1—2/1, 
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obtained  uy  A.  n.  Panchenkov  [25.  27]  from  expression 


4/1  ;=  -L  _ T 

T 


U 7.0 


First  we  i^iil  solve  the  equation  ter  ri(s).  Using  expression 
(1.73)  , we  will  have 


! = < l(T  I-  f t»  q t’  . . .)  _ (.r_5)=  (r’  f 3t»  -i  6r’  •+-  . , + 

r(x-i)»(t*  , 5r  t-...)  — (X  — .s)"(T’-f  + 

-)  2t<  ; ;3t*  -}.  . . + 4^. 

+ (x-5)»(r* + ...)!.  (,.74) 


Using  eguation  (1.7o,,  this  makes  it  possible  to  express 


Ri:K,{x.s)^.  V 


where 


^11  = — {x~s), 

Ki\  = — |2  (X  — s)  — (X  — s)’!. 

A",,  = - |3  (X  - A)  _ 4 (X  - s)’  -f  (X  - s)»|. 


1 


Thus,  equation  (1.71)  assumes  the  form; 


+ 1 

1 V,(5) 

— I 

or 

-tj  +13 

j Y,  (^)  ~ - ds  ~ (X)  ~ I Y,  (s)  ^ A'„.,T^'"rf.v.  (1. 75) 

-I  -I 


Usinq  expression  7i(s)  from  (1.72)  and  equating  the  terns  at 
identical  exponents  of  r on  the  right  and  left  sides  of  equation 
(1.75),  we  will  liave  the  series  of  singular  equations 


* 


•h 


/ I ffll 


ds=  — 2nfcp  (jr) 


c 


The  last  three  ei^uationa  are  repreiiented  ty  the  recurrent 
formula 


4 I 


— I 


ds  =s 


■M  3 

— 1 m*.! 


Representing  the  middle  line  of  the  profile  in  the  form  of  small 
arcs  hitli  a central  angle  of  2ti,  we  will  have 

^cp  (.r)  = a — Pjj 

Then  the  computation  of  V„,  results  in 


2\/  {^((«  f P)-P,l. 
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will  proceed  to  finding  the  solution  for  At  j = 2, 

equation  (1.71)  is  written  as  follows 


+i 


ds 


+1 

^ ^ <7  (s)  Itn  K,(Jt.  s)  <fs  -r  f j {X) , 


Using  expression  (1.74),  we  will  represent  as  follows 


a-I.S... 


In  this  cdse»  function  j(s),  which  is  fart  of  the  expression  for 
Fiiix)  - the  intensity  ot  the  sources  siiulating  the  noraal 

velocity  discontinuity  - idheres  to  th*  condition 

|«»(s)«i5-0.  (1.77) 

i.  e.  , the  nonpenot  rabi  lit  y cf  the  protile  naies  it  necessary  to 
return  the  sun  ot  the  abundances  of  the  sources  to  zero.  This  places 
a liait  on  the  form  of  function  q (s) . 
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I Yi  (s) 
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Uainj  the  expression  for  y ^ [s)  from  (1.72)  and  equating  the 
coefficients  at  identical  exponents,  like  before,  we  will  obtain 
series  of  singular  equations  whose  solution  is  in  the  class  of 
functions  limitea  at  point  x = -1; 
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Haviny  the  iiolution  to  Ti  (x)  and  Jiix),  we  will  obtain  the  total 
solution 

y{x)  - Y„  + Y„t*  + y„x*  + Y„t*  + Y„t  + Y„t*+Y„^  + Y„T^ 

which  makes  it  possible  to  compute  the  lift  of  a wing  with  an 
infinite  span  near  a screen: 
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P = Qov^  [ Y(jr)  dx. 


fJsinij  the  fact  th?t  7 = ♦ ^2.  «e  will  represent  the  lift  in 

the  form  of  the  two  components  of  a thin  winj  and  the  solidity  of  the 
prof i le ; 

P = F,  t P2 

The  calculation  of  P^*  results  in 
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=2()ai-*n  (a  -|-4p  + 


« + tP  -j? 


t*  + 


T«  + .-4-pi^ 


+ 


5 


(l.79> 


“T’  '■'128 


+ 256  + (w""  + 5^^“* 


29 


15 


Pioccediny  to  t ii<?  diinensionless  foLm,  we  will  have 


.(181) 


Mhere 
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(hero  ^ ^ I IS  t h*-  roldtivt  thicuntss  of  the  solil. 


Since 


- ± • 


I 1-. 


fii  yt.i  ” ± * i I — 4* . 


(I8<» 


then,  iisiiKj  (1.64)  -tnil  wc  will  have 

, 26At 

9U)  = ■ — ■ ■■  (184) 

y I — x' 

K()uating  (I.Hu)  and  (1.78) 

OAy  . 

— = = k'  i — X'  (a,  + fl,x*  -f  a,x»  + . . .). 

) I — X" 

we  will  find  the  r e iat  i onsh  i {.  betwe<‘n  the  shape  of  the  profile  and 
coefficients  : at  x,  = 0,  do  = 0;  at  x,  - 0.7,  a,  = 8.95  6;  and  at 
Xj  = 0.95,  d2  = 14,6  6.  Then  tuiiCtionjr^  assumes  the  form 
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(6.345t* +3.135'  +0.0125t>) 


16 


Thus,  wt-  obt-iineii  functions  S'.  x,(ft),  mdking  it  possible 

to  compute  the  aerodynamic  cha i act  or ist ics  cf  a profile  moving  near  a 

screen  with  consi  1 e r.i  t i on  cf  its  (jeomotry  - curvature  and  thickness. 

In  the  common  case  of  a thin  ellipse,  the  results  of  the 
solution  are  given  on  the  graph  in  the  form  of  curves 


Xi 

. 

X* 

» 

b 

w 1 


th  relative  iieight  "fv  (Fig.  3). 
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